Swietenia species of family Meliaceae are mainly found in Malaysia, India and Southeast Asia, and many of them have been applied in traditional medicine. [1] [2] [3] [4] [5] [6] Recently, we reported the isolation and characterization of sixteen D-ring opened phragmalin-type limonoid orthoesters from the twigs and leaves of Swietenia macrophylla which were collected in Hainan Province of People's Republic of China. 7) In a continuation, eleven new phragmalin-type limonoid orthoesters, swietenitins N-X (1-11), as well as a known one epoxyfebrinin B (12), were further isolated from the same plant sample. The stereochemistry of epoxyfebrinin B (12) was completely assigned in the current study. The antimicrobial activities of these isolates against a small panel of microbes were evaluated, but none of them were active. Herein, we report the isolation and structure elucidation of 1-12.
(Calcd 756.2993), which was supported by the protonated and sodiated molecular ions at m/z 756 [MϩH] ϩ and 779 [MϩNa] ϩ in the positive mode of electrospray ionization (ESI)-MS, respectively. The IR absorption peaks at 3537 and 1743 cm Ϫ1 implied the presence of hydroxyl and ester carbonyl groups. 13 C-NMR and distortionless enhancement by polarization transfer (DEPT) spectra displayed 39 carbon resonances comprising nine methyl (one methoxyl), six methylenes, six sp 3 methines (four oxygenated), nine sp 3 quaternary carbons (six oxygenated), five carbonyl and two double bonds. Furthermore, a combined analysis of its 1 H-and 13 C-NMR data (Tables 1, 2 ) revealed the presence of one acetyl, an orthoacetate group, a b-furyl ring, a propionyloxy group and an 2,3-epoxy-2-methyl-butyryl moiety. There are sixteen unsaturations in the molecule of 1, of which, nine degrees are occupied by five ester carbonyls, 2,3-epoxy-2-methyl-butyryl moiety and the b-furyl ring, and the remaining seven degrees required 1 being heptacyclic at the central core. The aforementioned data suggested that 1 was a phragmalin-type limonoid orthoester.
Extensive analysis of 2D-NMR spectra, especially heteronuclear multiple bond correlation (HMBC), allowed the assignment of the most functional groups to the limonoid core and confirmed the framework of a phragmalin-type limonoid for 1. In the HMBC (Fig. 1A ), the key correlations of H 2 -29/C-1, C-2, C-4, C-28 and C-10, and H-30/C-3, C-2, C-8 and C-9 revealed 1 being a B-seco phragmalin-type limonoid. The carbon resonances at d 170. 4 and 78.8 were assignable to C-16 and C-17 by the HMBC correlations between H 2 -15 and C-16, and between H 3 -18 and C-17, respectively, indicating the existence of the ring D of a six-membered lactone. 8) The quaternary carbon at d 118.8 (C-31) correlating with a methyl at d 1.67 (s) revealed the presence of a typical orthoacetate moiety. The HMBC correlations from H-19 and H-29 to C-1, from H-3 and H-29 to C-2, from H-15 and H-30 to C-8, and from H-11 and H-12 to C-9 allowed the assignments of four oxygenated quaternary carbons of C-1, C-2, C-8 and C-9, respectively. For the phragmalin-type limonoids, an 1, 8, or 8,9,14-9) or 8,9,30-orthoacetate 10) was usually found, and the presence of an 1,8,9-orthoacetate in 1 was thus tentatively assigned. Furthermore, the strong HMBC correlation between H-3 and C-1Ј of 2,3-epoxy-2-methyl-butyryl group indicated that it was located at C-3. The key HMBC correlation between H-30 and the carbonyl of propionyl at d 171.8 located the propionyloxy group at C-30. The remaining acetoxyl was then posited at C-2 by comparing its NMR data with those of limonoids possessing the same substituted pattern reported.
11) The planar structure of 1 was thus elucidated.
The relative configuration of 1 was assigned by a single crystal X-ray diffraction (Fig. 1B) , which also confirmed its planar structure. In its NMR spectrum, the H-3Ј of 1 resonated at d 3.93 (q, Jϭ5.4 Hz) indicated that the 2,3-epoxy-2-methyl-butyryl group at C-3 took a 2R,3S-configuration. 7) Swietenitin O (2) was obtained along with epoxyfebrinin B (12) from an uneasy-separated mixture by semi-preparative HPLC, and both compounds shared the same molecular formula C 38 H 46 O 15 . The IR and MS spectra of 2 and 12 were almost identical, and their 1 H-and 13 C-NMR data (Tables 1,  2 ) also showed high similarity with the only obvious difference being the chemical shift of H-3Ј at d 3.90 (q, Jϭ5.6 Hz) for 2 and at d 3.13 (q, Jϭ5.5 Hz) for 12, suggesting that they are a pair of 2Ј,3Ј-epimers. According to the chemical shifts of H-3Ј, 7) the absolute configuration of 2,3-epoxy-2-methylbutyryl in 2 and 12 were assigned as 2R, 3S and 2S, 3R, respectively. This was confirmed by rotating frame Overhauser effect spectroscopy (ROESY) experiments (Fig. 2) , in which, key ROESY correlations from H-3Ј at d 3.90 to H-5, H-21 and H-30, and from Me-4Ј to H-21 for a typical 2R,3S-epoxy-2-methyl-butyryl moiety were observed in 2; and the strong ROESY correlations from Me-5Ј to H-5, H-17 and H-30 for a 2S,3R-epoxy-2-methyl-butyryl moiety were detected in 12.
7) The structures of the new limonoid 2 and the known limonoid epoxyfebrinin B (12) were therefore completely assigned.
Swietenitin P (3), a white amorphous powder, had a molecular formula of C 39 H 48 O 14 as determined by the HR-EI-MS at m/z 740.3025 [M] ϩ (Calcd 740.3044). In comparison with compound 1, the molecular formula of 3 showed 16 mass units less consistent with the loss of an oxygen atom. The NMR (Tables 1, 2 ) data showed that the structure of 3 is closely related to that of 1. The only structural difference was the presence of a tigloyloxy group 10) (d 7.07, 1H, qd, Jϭ7.2, (Fig. 3A) , the key correlations of H 2 -6/C-5 and C-7, and H 2 -19/C-1, C-5, C-7 and C-10 revealed the presence of a six-membered g-lactone. A propionyloxy group was located at C-30 by the HMBC correlation between the H-30 and its carbonyl carbon at d 172.5. The strong HMBC correlation between H-3 and C-1Ј of 2,3-epoxy-2-methyl-butyryl group indicated that it was located at C-3. In addition, the H-3Ј was resonated at d 3.12 (q, Jϭ5.5 Hz) in the 1 H-NMR spectrum, indicating that the absolute stereochemistry of 2,3-epoxy-2-methyl-butyryl group was 2S,3R, 7) which was verified by the ROESY correlations (Fig. 3B) .
Swietenitin S (6), a white amorphous powder, showed the molecular formula of C 38 H 44 O 15 H-NMR spectrum, indicated a 2S,3R-configuration for 2,3-epoxy-2-methyl-butyryl group at the C-3 of 6.
7)
Swietenitin T (7) was yielded as a white amorphous powder, and had a molecular formula of C 36 H 42 O 13 O] ϩ (Calcd 650.2363). The NMR spectra of 8 showed high similarity to those of 7 except for the absence of one -CH 2 -unit, and this was supported by its molecular formula, which showed 14 mass units less than that of 7. A detail analysis of its NMR data further revealed that an acetoxyl group was attached at the C-30 of 8 instead of the propionyloxyl group of 7. The structure of 8 was fi- nally confirmed by HMBC and ROESY spectra. Swietenitin V (9), a white amorphous powder, gave a molecular formula of C 35 H 38 O 13 Comprehensive analysis of its NMR data (Tables 2, 3) indicated that 10 is a phragmalin-type limonoid bearing biosynthetically extended C2 unit at C-15 and forming enol moiety between C-15 and C-31, which is similar to the case of neobeguin. 13) This was confirmed by the HMBC correlations from H-14 to C-13, C-15, C-16 and C-31, and from Me-32 to C-31 and C-15. The tigloyloxyl group was located at C-3 by HMBC correlation between H-3 and C-1Ј. A proton resonance at d 3.00 was distinguished to be OH-2 by 1 H-detected heteronuclear multiple quantum coherence (HMQC) spectrum, and was confirmed by the HMBC correlations from OH-2 to C-1, C-2 and C-30 (Fig. 4A) . The NMR analysis also revealed the absence of orthoester group in compound 10. Two oxygenated quaternary carbon resonances up-field shifted at d 65.4 and d 70.2, were tentatively assigned to the presence of an 8,9-epoxy group, which was confirmed by the HMBC correlations of H-11/C-8, C-9 and C-12, and H-14/C-8 and C-9. The oxygenated tertiary carbon resonance at d 67.3 was assigned to C-30 bearing a hydroxyl by the HMBC correlations from H-30 to C-8 and C-2, and this was supported by the relatively up-field shifted H-30 at d 5.26 (s). The remaining acetoxyl group was thus only assignable to the quaternary C-1 at d 83.3, which showed multiple HMBC correlations with Me-19, H-3, H 2 -29 and OH-2. The presence of a C-1-OAc was confirmed by the key ROESY correlations from the methyl of Ac to H-29 and CH 3 -19 (Fig. 4B) .
The relative configuration of 10 was established by ROESY spectrum (Fig. 4B) , in which, the ROESY crosspeaks from H-17b to H-5, H-11 and H-21, and from Me-28 with OMe-7 and H-6 indicated that H-5, H-11, H-21 and Me-28 were cofacial and arbitrarily assigned as a b-orientation. The ROESY correlations of H-3/H-29, CH 3 -19/CH 3 CO-1 and H-29/CH 3 CO-1 revealed that CH 3 -19, CH 2 -29 and OAc-1 were a-oriented. The key correlation between H-3Ј and H-5 showed that the tigloyloxyl group at C-3 took a borientation. Furthermore, the ROESY correlations of H-14/Me-18 and H-14/Me-32 showed that Me-18 was in a aconfiguration, and the D 15(31) double bond took a Z-geometry. Although there were no direct ROESY correlations available to assign the relative configuration of C-8, C-9 and C-30, the 8, 9-epoxy group and OH-30 could be assigned in an a-configuration on the basis of biogenetic reasoning and stereo specific requirement for a phragmalin-type limonoid.
Swietenitin X (11), a white amorphous powder, showed a molecular formula of C 37 H 44 O 12 as determined by HR-EI-MS at m/z 680.2819 [MϪH 2 O] ϩ (Calcd 680.2833). The NMR spectra of 11 showed high similarity to those of 10 except for the presence of one additional -CH 2 -unit, and this was supported by its EI-MS. A detail analysis of the NMR data of 11 further revealed that an ethyl group was linked at C-31 instead of a methyl in 10. This was confirmed by the key HMBC correlations from Me-33 and H-14 to C-31, and from H-32 to C-15. Therefore, the structure of 11 was elucidated.
Compounds 1-12 were evaluated for antimicrobial activity against a small penal of microbes, including Gram-positive and Gram-negative bacteria, and fungi by microdilution assay, 14, 15) unfortunately, the results showed that all the compounds were inactive. 
